Separationand Identificationof Urinary Constituentsby Use of Multiple-Analytical Techniques
J. E. Mrochek, W. C. Butts, W. T. Rainey, Jr., and C. A. Burtis High-pressure anion-exchange chromatography with gradient elution has been used to resolve ultraviolet-absorbing constituents from normal and pathologic specimens of human urine. We have identified 50 of these constituents by using multiple-analytical techniques. Ultraviolet spectral maxima, gas chromatographic methylene unit (MU) retention values (for trimethylsilyl derivatives), and the major mass spectral peaks are reported for each of the identified compounds. Additional data, which show that a relatively constant increase occurs in gas chromatographic retention values when the glycine moiety is added to various aromatic carboxylic acids, are helpful in identifying glycine conjugates. The identity of these biological compounds can be established only from results of independent techniques, particularly since many of the compounds are so similar. Toward this end, we obtained data from two high-resolution chromatographic systems (anion exchange and gas-liquid) and mass spectral analyses, along with uv spectra, to provide sufficient and conclusive evidence for identification.
Additional Keyphrases
The urinary constituents were first resolved by gradient elution and anion-exchange chromatography.
In addition, compounds that were eluted quickly were cation-exchange chromatographed to purify them further. If possible, authentic reference compounds were used for comparative purposes. When reference compounds were not available, interpretation of the mass spectrum was given greater importance, although the chromatographic and uv spectral data were required to be consistent with those of analogs and (or) homologs of the identified compounds.
The biological and pathological significance of these identified compounds and their measurement with the instrumentation developed at the Oak Ridge National Laboratory have been reported previously (7-12), or will be discussed elsewhere. stored at -70 #{176}C. Before a sample was applied to the anion-exchange column of the uv-analyzer, it was passed through a filter of 0.2-nm pore size to remove particulate matter. In some instances, protein was removed from samples by filtering them through a membrane that retains compounds with a molecular weight greater than 1000. In general, ultrafiltration was not necessary for urine samples; when used, it did not affect the chromatographic results.
Anion-Exchange Chromatography
The 
Rechromatography on a Cation-Exchange Resin
Chromatographic peaks that emerged before uric acid (440 ml, Figure 1 ) were further purified by use of a 0.62 cm X 50-cm jacketed colunm contaming Aminex A-7 cation-exchange resin (BioRad Labs, Richmond, Calif. 94804) with a particle size range of 7.5 to 11.5
Fractions corresponding to individual chromatographic peaks from the preparative anion-exchange system were lyophilized, redissolved in ammonium acetate-acetic acid buffer (pH 4.65, 0.3 mol of ammonium acetate per liter), applied to the column, and eluted with the same buffer at a column-jacket temperature of 50#{176}C. The effluent was monitored at 254 nm with an ultraviolet photometer.
Preparation of Fractions for Analyses
Fractions corresponding to individual chromatographic peaks from either the anion-or cation-
Columns were constructed of stainless steel and jacketed for temperature control. exchange separations were combined, frozen at -70#{176}C, and lyophilized at 7 N/rn2 and -60#{176}C to remove the ammonium acetate-acetic acid buffer. The samples were then dissolved in 2 to 3 ml of spectroscopic-grade methanol and subjected to uv spectral, gas chromatographic, and mass spectral analyses.
Ultraviolet spectrometry. on 100/120 mesh Gas Chrom Q (Applied Science Laboratories, Inc., State College, Pa. 16801). The temperature of the column was programmed from 100#{176} to 325#{176}C at 10#{176}C/miii. Inlet and detector temperatures were 325#{176}C, and helium carrier-gas flow rate was 85 mi/mm.
Mass spectrometry. Aliquots of the methanol solution of the samples (1 ml) were evaporated to a smaller volume, transferred to the glass insert of the mass spectrometer probe, and evaporated in a vacuum desiccator.
Before this procedure, a drop of 6N HCI was added to those samples that had eluted after uric acid on the anion-exchange chromatogram.
The mass spectra were obtained on a single-focusing mass spectrometer [30.5 cm (12-in.) radius, 90#{176} magnetic sector] constructed at this laboratory.
The spectra are low-resolution data (m/m < 1000) recorded with a light-pen oscillograph.
Accelerator voltage was 4 kV, and ionizing voltage used to obtain the data presented in Tables 2 and 3 was 70 eV; spectra were also obtained with an ionizing voltage of 15 eV. The sample was introduced via a vacuum-lock directinsertion probe operated at the lowest temperature required to give a suitable spectrum, generally between 200 and 250 #{176}C.
Results and Discussion
The chromatogram obtained on the UV-Analyzer for a composite normal reference urine2 is shown in Figure  1 . The peaks that have been identified are listed in Table 2 . The identified constituents of pathologic urine samples are listed in Table 3 ; their elution positions are shown in Figure  1 . The compounds in Tables 2 and 3 are listed in order of their elution from the UV-Analyzer.
We emphasize that the separate listing of constituents, based on their identification in normal or pathological urine samples, is not meant to imply that the "pathologic" constituents are not present in normal urines. However, it does imply that these compounds were present in higher concentrations in urmnes from patients with the indicated disorders than in normal urines. Similarly, some of the constituents (those designated with footnote g in Table 2 ) were found in the urine of a "normal" individual on an artificial diet h Insufficiently volatile forMS; identified as TMS derivative with an integrated gas chromatogra ph-mass spectrometer. Tables 2 and 3) failed to give  interpretable mass spectra, and three of these four gave satisfactory mass spectra after hydrolysis or preparation of derivatives. Combined gas chromatography-mass spectrometry, which was used to identify citric acid (compound 18), has only recently become available to us; however, it shows a great potential usefulness for further identifications. Citric acid, which does not absorb ultraviolet light and is not indicated on Figure 1 , elutes in a poorly defined region between hippuric acid and 4-hydroxyhippuric acid. Urea, which also does not absorb ultraviolet light, elutes with creatinine and trigonelline.
We inadvertently prepared a derivative that was helpful in identification with mass spectrometry. Fractions collected from the latter part of the anion-exchange chromatogram, and therefore expected to be acidic, were treated with HCI (see Procedures) before obtaining their mass spectra. By including this step, we intended to convert the lyophilized fractions from their anticipated ammonium salt form to the more volatile free acid form. Although this went as expected for some constituents, several compounds were converted to methyl esters. Fortuitously, these methyl esters are more volatile, and so more suitable for mass spectral analysis than the corresponding free acid.
The spectral data for these esters are indicated in a footnote to Tables 2 and 3 . Use of other analytical techniques make it simple to determine whether the methyl esters found by mass spectral analyses were formed in the sample-handling procedure. As stated earlier, we think that a single analytical method insufficiently identifies urinary constituents, particularly in instances where reference compounds are not available. Therefore, two highresolution chromatographic methods were used to complement mass spectral analyses. In the case of to the small quantities of material (10 to 100 Mg) with which we were working.
Gas chromatography was especially useful in the identification of the glycine conjugates of several aromatic carboxylic acids. As shown in glycine conjugates and the free acids from which they were derived. The observation that there is a constant increment in gas chromatographic retention values associated with a specific functional group has been previously reported by other workers (13). Such a relationship can be very useful in identifying homologs. Our data are only evidence of identification, but should be useful to other workers who wish to identify similar compounds.
The use of techniques based on various physical or chemical properties enhances the probability of obtaining useful analytical data for a given compound.
The literature lacks information of this type, and we encourage others to include such data in their publications.
